Abstract. Predation risk is expected to affect the foraging behaviour of individual prey according to their size, sex and reproductive condition. Parasites may also affect the foraging behaviour of their hosts, due to increased energetic demands imposed by the parasite, or due to a parasite strategy to increase the likelihood of its transmission to the next host. Field studies were conducted to determine the effects of size, reproductive condition and trematode infection on foraging behaviour in a freshwater snail, Potamopyrgus antipodarum. Among uninfected snails, small individuals (<3.8 mm in length) foraged more than large individuals during daylight hours when the risk of predation is greatest; non-brooding adult females foraged more during the day than females that were brooding embryos. These results suggest that juveniles and non-brooding females trade off the risk of predation with the energy required for growth and reproduction, respectively. Infection by a digenetic trematode (Microphallus sp.) also caused significant changes in snail behaviour. This trematode has a two-host life cycle. Snails are the intermediate host, and ducks are the final host. Encysted parasite larvae are transmitted to ducks when they ingest snails infected with mature larval cysts. Results showed that snails infected by encysted, transmissible larvae foraged in the early morning hours, and retreated under rocks during the late morning. In contrast, snails infected by unencysted non-transmissible larvae retreated to positions under rocks in the early morning, and mirrored the risk-averse strategy of brooding females. These results suggest that, when the parasite larvae encyst and become transmissible to the final host, they induce the snails to forage later into the morning. Because foraging by waterfowl is greatest in the early morning, encysted larvae may manipulate snail behaviour to increase the likelihood of their transmission to the final host.
Increasing evidence shows that parasites can significantly influence an individual's behaviour (for reviews see Holmes & Bethel 1972; Dobson 1988; Moore & Gotelli 1990; Combes 1991) . The foraging habits of individuals may be especially prone to alteration by parasites because of the direct and indirect influences of parasitism (Moore & Gotelli 1990) . Parasites decrease foraging efficiency in some species (Crowden & Broom 1980; Milinski 1985) and increase it in others (Williams & Gilbertson 1983) . Parasites may impose large nutritive demands upon the host, causing an increase in foraging to compensate (Lester 1971; Milinski 1985; Holmes & Zohar 1990 ); or they may alter host behaviours by causing tissue damage (Baudoin 1975; Holmes & Zohar 1990; Hurd 1990; Thompson & Kavaliers 1994) . Parasites may also manipulate the behaviour of their hosts in very specific ways (for reviews see Holmes & Bethel 1972; Dobson 1988; Moore & Gotelli 1990; Coombes 1991) . Behavioural manipulation is expected to be most common in intermediate hosts of trophically transmitted parasites, because natural selection should favour any change in behaviour that increases the transmission of the parasite to the next host in the life cycle (Rothschild 1962; Holmes & Bethel 1972) . Examples of what appear to be behavioural manipulation are common in the literature (e.g. Hindsbo 1972; Bethel & Holmes 1973; Muzzall & Rabalais 1975; Moore 1983; Curtis 1987; Poulin et al. 1992; Hechtel et al. 1993; Lowenberger & Rau 1994) . Because foraging often comes with the cost of increased risk of predation, trophically transmitted parasites may increase the probability of transmission by inducing riskier foraging habits.
In general, when predation risk is high, less time should be spent foraging and searching for mates (Sih 1987; Lima & Dill 1990 ). There may not be a single, population-wide strategy, however, because individuals differ in characteristics that may influence the likelihood of attack. The age of an individual can be important for at least two reasons. First, reproductive value changes with age (Sih 1987) . Older individuals with low reproductive values may be selected to forage more in an effort to gain the energy necessary for reproduction (Engen & Stenseth 1989) . Second, age can be important because it is often highly correlated with size, and many predators are size-selective (e.g. Douglas et al. 1994 ). In addition, foraging strategies may differ due to nutritional needs based on gender and maturity. For example, juveniles may need to forage more than adults to sustain high, early growth rates, and females may need to forage more than males due to the greater demands of provisioning young (Abrahams & Dill 1989) . Thus foraging patterns may vary between individuals in the same population based on gender, age and reproductive condition. This variation in behaviour makes it necessary to compare infected individuals to all classes of uninfected members of a population to correctly analyse the effects of infection on foraging.
Here we report the results of field studies designed to determine the effect of several factors on the foraging ecology of the New Zealand snail, Potamopyrgus antipodarum. We show that as size increases, foraging activity decreases. We also show that gender, brooding condition, and parasite infection influence foraging patterns. Uninfected non-brooding female snails foraged more than brooding females, and infected snails behaved in a way that may increase the likelihood of the parasite's transmission.
Natural History of the Snail-Trematode Interaction
Potamopyrgus antipodarum is a small prosobranch gastropod in New Zealand lakes and streams. The snail is unique in that it broods its young to a 'crawl-away' stage and some individuals are parthenogenetic (Winterbourn 1970) .
It feeds on green algae, diatoms and detritus (Winterbourn 1970; Haynes & Taylor 1984; Winterbourn & Fegley 1989) . The snail is found in many habitats in New Zealand lakes (Talbot & Ward 1987; Jokela & Lively 1995) , but in areas with rocky substrates it forages on the tops of rocks, predominantly at night. The snail is eaten by both fish (McCarter 1986; Jellyman 1989; McDowall 1990 ) and waterfowl.
The predominant parasite of Potamopyrgus is an undescribed species of Microphallus (Trematoda: Microphallidae; Lively 1987). Mature Microphallus produces eggs in waterfowl, which pass out of the bird with the faeces. The eggs ingested by Potamopyrgus develop and encyst in the snail, becoming infective metacercariae within 120 days under laboratory conditions (C. M. Lively & M. Dybdahl, unpublished data) . During the maturation process, the parasite castrates its snail host. The cysts hatch upon ingestion by waterfowl, where they mature in the intestine within a few days to complete the life cycle. This worm is infective to mice as well as waterfowl (Lively & McKenzie 1991) ; hence it appears to have a great deal of plasticity with respect to the final host. Potamopyrgus is also the firstintermediate host to at least a dozen other castrating trematode parasites (Winterbourn 1973 ) that occur in low frequencies (Lively 1987) .
METHODS AND MATERIALS
We undertook a survey to determine the effects of size, gender, brooding condition and parasitism on the foraging behaviour of P. antipodarum. We took 24 samples in both 1993 and 1994. In 1993, we collected snails nine times over a 24-h period beginning on 10 February at 1530 hours, from shallow areas (approximately 0.5 m deep) on the margin of Lake Alexandrina on the South Island of New Zealand (170 27 E, 43 56 S). During each collection, we selected at least eight rocks and gingerly lifted them to the surface to minimize the number of snails that became detached. We separated the snails by whether they were collected from the top or bottom of the rocks (we excluded snails judged to be on the sides of rocks), and preserved them in 70% ethanol. We recorded the size, sex, brooding status, infection status and parasite type of all collected snails. We measured size (length) using an ocular micrometer. Males can be distinguished from females by the presence of a verge behind the right tentacle at sizes greater than 2.1 mm. All snails less than 2.1 mm long were labelled juveniles.
In 1994, we sampled snails 10 times over a 24-h period beginning on 23 January at 0800 hours, from the same site on the same lake. Five smaller samples were also taken on 25 January (1000 hours), 6 February (0600 and 0900 hours) and 27 February (0600 and 0900 hours). In these 1994 samples, we also noted whether larval Microphallus were transmissible to the final host by determining the presence of suckers within the encysted metacercariae. An infection was labelled 'non-transmissible' when suckers were not visible in any of the metacercariae infecting the snail, and 'transmissible' when such suckers were visible under a dissecting microscope. We assumed that only 'transmissible' larvae are sufficiently developed to become established in the final host.
Effect of Snail Type on Behaviour
We sampled 12 120 snails during the study. When analysing the data from both samples, we separated the snails into five different classes based on their reproductive status and parasitism: (1) uninfected, adult non-brooding females, (2) uninfected adult males, (3) uninfected brooding females, (4) juveniles, and (5) Microphallusinfected individuals. We made comparisons between groups by calculating the percentage of each group on top of the rocks over the course of the sampling period. We assume that snails are foraging while on tops of rocks because algal food sources are abundant there.
We analysed the data using SAS statistical programs (SAS 1990 ) using a modified multiple logistic regression procedure to determine whether the daily foraging patterns differed between the snail classes. The multiple logistic regression model (Hosmer & Lemeshow 1989) was modified by using sine and cosine functions to introduce periodicity into the model to account for the daily cycle (B. Flury, unpublished results). We used the variables time-of-day, snail-class, and day-ofsampling to estimate the probability of finding a snail on top of the rocks. Time-of-day was treated as a continuous variable, and snail-class and dayof-sampling were treated as categorical variables. The probability of finding a snail on top of the rocks at a given time, t, is assumed to approximately follow a logistic regression equation of the form:
where:
], x 3 =class, x 4 =day of sampling, t=time. The method of maximum likelihood was used to estimate the regression coefficients 0 , 1 , 2 , 3 , and 4 in this model. The betas are analogous to the slope of the line in a linear regression analysis. This method of analysis fits curves to the data and assesses whether patterns are different, linear, and shaped differently (B. Flury, unpublished results).
Effect of Size on Behaviour
We also used logistic regression to determine the effect of snail size on behaviour. We divided each class of snails into two groups based on size. For non-brooding females, males and infected snails, the cut-off point was 3.8 mm (the mean length of adult snails). Thus all snails from 2.1 mm to 3.8 mm were labelled small, and all snails greater than 3.8 mm were labelled large. For brooding females, the cut-off point was 4.4 mm. We used a higher cut-off because brooding females are larger on average, and if we had used 3.8 mm, not enough snails would be found in the small group for comparison. We divided juveniles (all snails less than 2.1 mm) at the cut-off point of 1.3 mm. Because sample sizes for juveniles were low in 1994, only the size data for 1993 was analysed for this group.
Effect of Parasites on Behaviour
To examine the effects of parasites within times, we used a three-way ANOVA with time-of-day, day-of-sampling and class-of-snail as independent variables and the percentage of snails found on top of the rocks as the dependent variable. We only used the percentage of snails in a group in this analysis if the sample size was 20 individuals or greater, and transformed it to its arcsine square root value (Sokal & Rohlf 1981) .
Orthogonal linear contrasts were used in this analysis to compare classes within fixed times.
We used pair-wise Chi-squared analyses to examine the effect of the state of larval infection. We compared advanced Microphallus infections (ratio of snails found on the top to the bottom of the rocks) to immature Microphallus infections, males, and non-brooding females for each time in 1994. We compared immature infections to nonbrooding females, brooding females and males. We used a Bonferroni correction to adjust the alpha level.
Waterfowl Observations
In January and February 1994, we observed the feeding habits of waterfowl at Lake Alexandrina on five occasions to determine when the final host of Microphallus foraged most often. At intervals of at least 30 min, we counted the number of waterfowl feeding on the lake that were visible from the shore. The species of waterfowl observed included grey duck, Anas superciliosa, mallard duck, Anas platyrhynchos, black swan, Cygnus atratus, Canada goose, Branta canadensis, and scaup, Aythya novaeseelandiae. An individual was considered foraging if it made a foraging attempt within 30 s of viewing. For mallards, grey ducks, swans and geese, we considered tipping a foraging attempt, but we considered diving a foraging attempt for scaup. We divided the observations into five categories: early morning (0600-0859 hours), late morning (0900-1159 hours), early afternoon (1200-1459 hours), late afternoon (1500-1759 hours), and evening (1800-2100 hours). We used a two-way ANOVA with number of ducks seen foraging as the independent variable to determine whether there was a significant effect of time of day on the foraging frequency of the waterfowl.
RESULTS

Effect of Snail Type on Behaviour
Behaviour differed between all snail classes during daylight hours (Fig. 1, Table I ). Non-brooding females spent more time on tops of rocks during the daylight hours than any other group, and brooding females spent the least amount of time foraging. The patterns shown by males and juveniles were similar to brooding females, except that they foraged more frequently during the day.
The behaviour patterns of the different groups were consistent between years. The results using the logistic regression analysis from the two years combined revealed no major deviation between years (Table I) . Sample sizes of juvenile snails were low, however, especially those taken in 1994; thus conclusions about the similarity of other groups to juveniles should be made with caution. Microphallus-infected males were grouped together with Microphallus-infected females, because a significant difference between The behaviour patterns were obtained by determining the ratio of snails found on the top versus the bottom of rocks of a specific class at different times over the course of the day.
the two groups was not found in either year of the study (P=0.78 and 0.52 for 1993 and 1994, respectively). Because we also found an effect of size on behaviour (see below), and the size distributions of the different classes were different, the effect of class may be confounded with size. To remove the effect of size, we compared groups by subsampling them to create groups with equal size means and variances. We then compared nonbrooding females and brooding females (mm> 4.5), and non-brooding females and males (3.5< mm<4.6). When we did this, we still found significant effects of class in each comparison (P<0.0001 for both cases).
Effect of Size on Behaviour
Snail size ranged from 0.6 mm to 6.1 mm in length (X=3.8 mm). The overall size distribution was bimodal with peaks at 0.9 mm and 4.4 mm (Fig. 2) . In general, the probability of infection increased with size. Juveniles were not found to be infected by Microphallus. There was a significant effect of size on foraging pattern in non-brooding females (1993: P<0.0001; Fig. 3a; 1994: P<0.0001) and males (1993: P<0.0001; 1994: P<0.0001) . Size only affected the behaviour of brooding females in 1994 (1993: P=0.66; 1994: P=0.006) , and juveniles in 1993 (P=0.007) (sample sizes of juveniles were too small in 1994 to make comparisons). In all cases smaller snails foraged more than larger snails. There was no detectable effect of size on the behaviour of Microphallus-infected snails (1993: P=0.32; Fig. 3b; 1994: P=0.28 ).
Effect of Parasitism on Behaviour
Of the 12 120 snails dissected, 11.2% were parasitized by Microphallus. Other parasites were found, but were rare and not used in the analyses. The behaviour pattern shown by Microphallusinfected snails was significantly different from all other snail groups (Table I) . Infected individuals were found on the tops of rocks significantly less often during daylight hours than uninfected, nonbrooding females except during the early morning hours (Fig. 1) . Infected snails behaved similarly to brooding females, males and juvenile snails, however, for most of the day. This pattern was consistent over all four sampling days. These results suggest that the parasite may alter snail behaviour in a time-specific manner. To investigate this possibility, we analysed the data using three-way analysis of variance, with the arcsine square root transformation of percentage of snails on top of rocks as the dependent variable, and time, year and class as independent variables. Linear Males behave similarly to brooding females and are not included in the figure for clarity. All points in the figure represent the average of at least two samples, except for the 0000 hours and 0300 hours samples, which were only sampled once. Microphallus-infected snails were not significantly different from non-brooding females in the early morning (0600 and 0800 hours) and not significantly different from brooding females the rest of the day (Table I) . Infected snails seemed to switch between the behaviour patterns of non-brooding females and brooders and/or males in a time-specific manner. Error bars indicate standard errors. contrasts comparing classes within times of Microphallus-infected snails, brooders and nonbrooding females (Table II) demonstrated that, in the early morning hours, parasitized snails behaved more like non-brooding females, which were mostly on the tops of rocks. During the late morning, however, infected snails moved under the rocks and remained there the rest of the day, similarly to brooders and males (Fig. 1) . The effect of parasite maturity on host behaviour is shown in Fig. 4 . For the 0615 hours sample in 1994, snails infected with transmissible metacercariae were found on top of the rocks significantly more than snails infected with non-transmissible parasites (P<0.002; Table III ). Snails infected with transmissible parasites were not significantly different from non-brooding females (P=0.53), and snails infected with non-transmissible parasites were not significantly different from brooders Figure 3 . The effect of size on behaviour. Small uninfected non-brooding females (a) behaved significantly differently from large non-brooding females in 1993. Significantly more smaller snails than larger snails were found on tops of rocks for all groups analysed for both years, except for Microphallus-infected snails (b). No effect of size was found in either year for infected snails. Error bars indicate 95% confidence intervals. (Table III) , but were significantly different from non-transmissible infections, brooding females and males. Snails with non-transmissible infections were significantly different from non-brooding females and males, but were not different from brooding females. Error bars indicate 95% confidence intervals.
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(P=0.73) or males (P=0.17). The other 0600 hours and 0800 hours samples from 1994 did not yield enough snails infected with nontransmissible parasites; thus those samples could not be compared. When the data were pooled across all 0600 hours samples, the same result was observed. Snails with transmissible infections were on the tops of rocks significantly more than snails with non-transmissible infections (P<0.001). The two 0800 hours samples yielded only 5 nontransmissible infections; thus no analysis was performed. We observed no significant differences between snails infected with transmissible and non-transmissible parasites during other times of the day.
Waterfowl Observations
The waterfowl observations showed that the birds forage more during the morning than any other time of day (Fig. 5 ). ANOVA revealed a significant effect of time of day (P=0.001), with a peak in the early morning (0600-0859 hours). The mallard, grey duck and scaup were overwhelmingly the most abundant species. Scaup, which are diving ducks, foraged mostly in deeper water more than 15 m from shore. Because the mallards and grey ducks were observed feeding primarily within 10 m of the shore, they are therefore the most likely predators of the snails in the sampling area. The analysis was repeated using only mallards and grey ducks, and similar results were achieved (although only data from one day could be used due to limitations on sample size). There was a significant effect of time of day on the foraging frequency of mallards and grey ducks alone (P=0.017) with greater foraging frequency in the morning.
DISCUSSION
The results show that gender, reproductive condition, size and infection by parasites all influence the foraging behaviour of P. antipodarum. Nonbreeding females were more likely than any other class of individuals to forage on the tops of rocks during the day (Fig. 1) . It seems reasonable to suggest that these females are trading off the risk of predation with the value of getting the food needed to initiate their next brood. Brooding females, by contrast, were less likely to be found exposed to vertebrate predators on the tops of rocks during the day. Hence, the foraging behaviour of mature females seems to depend on brooding status, with brooding females showing safer behaviour patterns than non-brooding females. The foraging pattern shown by males was similar to that shown by brooding females. Thus, assuming that the greatest risk of predation comes from small fish and waterfowl during the day, males and brooding females were more risk-averse than non-brooding females.
Aside from the effect of gender and brooding condition, the size of the snail (and/or age) is an important determinant of its behaviour. In general, as size increases, time spent foraging during the day decreases (Fig. 3) . The size distributions of the various classes of snails were different; thus it was necessary to determine whether the effect of class was driven by size. When the classes of snails were grouped by sizes with equal means and variances, we found significant differences in behaviour. For example, non-brooding females greater than 4.5 mm in length continued to forage more than brooding females of the same size (P<0.0001). This same pattern held for nonbrooding females and males (3.5<mm<4.6; P<0.0001) . This effect of size (i.e. smaller individuals feeding more than larger individuals) is consistent with other published results. Culp & Scrimgeour (1993) demonstrated that large larval mayflies spent significantly less time foraging than smaller individuals. The difference between the two size classes of mayflies was attributed to trading off the risk of predation (which differed for the two size classes) with the benefit of foraging, which depended on patch quality (Scrimgeour et al. 1994) . In Potamopyrgus, the predation rates on and the nutritional requirements of the different size classes are not known. Size had significant effects on behaviour in all snail classes except for Microphallus-infected individuals (Fig. 3) . This result, coupled with the ability of Microphallus to remove the effect of gender on behaviour, suggests that Microphallus infection overrides the effects of size and gender.
Infected snails showed a curious switch in behaviour, from that resembling non-brooding females in the morning to that resembling brooding females in the afternoon (Fig. 1) . Thus infected snails are more exposed to vertebrate predators in the morning than brooding snails, but are less exposed to these same predators than are non-brooding females for the remainder of the day. The simplest explanation for this kind of intermediate behaviour by infected snails is that the parasites impose energetic requirements that are somewhere between that of non-brooding and brooding females. Garnering resources for reproduction might require foraging throughout the day, which would explain the behaviour of nonbrooding adult females. Supporting an infection by Microphallus might require that individuals forage only until mid-morning, while supporting a brood, where the energetic investments have already been made, might allow for the least risk-prone behaviour of foraging only at night. We refer to this possibility as the energetic hypothesis.
Alternatively, parasites may be manipulating infected snails to switch between pre-existing behavioural choices in a way that increases the likelihood of being transmitted to the final host (Moore 1983) . We refer to this possibility as the manipulation hypothesis. At first the manipulation hypothesis may seem obviously incorrect, because the best strategy would seem to be to induce the snail to remain on the tops of rocks throughout the day. This idea assumes that duck predation is constant throughout the day, however, which is incorrect given our result that waterfowl forage most intensively during the morning hours (Fig. 5) . Thus the manipulation hypothesis may be viable, but it still leaves unexplained the movement of infected snails to the undersides of rocks during the late morning. We cannot eliminate the possibility, however, that infected snails crawl to the undersides of rocks in the late morning to escape predation by fish, which do not serve as a final host. Recent experimental results are consistent with this idea (Levri, unpublished data). So, from the parasite's 'point of view' it may be better to avoid fish in the afternoon than to be exposed to ducks.
Given these patterns alone, we can not distinguish between the two alternative explanations for the behaviour of infected snails. However, the two hypotheses make different predictions regarding the behaviour of snails infected with nontransmissible larvae. (We use non-transmissible here to mean that larvae are not sufficiently developed so as to live and reproduce in the final host.) Assuming that non-transmissible larvae impose a large energetic demand (which seems reasonable, given the damage done by such larvae), the energetic hypothesis predicts no difference in foraging behaviour between snails infected with transmissible larvae (mature metacercariae) and nontransmissible larvae (i.e. immature metacercariae). The manipulation hypothesis, by contrast, predicts that behaviour should change only when the larvae are sufficiently developed to infect the final host successfully (Bethel & Holmes 1974; Hurd & Fogo 1991; Poulin et al. 1992) . Thus, infected snails should only present themselves to the final host when the parasite is transmissible. Our results are more consistent with the manipulation hypothesis ( Fig. 4 ; Table III ). Snails harbouring transmissible parasites behaved in the risky fashion of non-brooding females, but snails infected with non-transmissible parasites behaved in the safer manner of male/brooding female snails. These results suggest that Microphallus induces individuals to behave as though they are brooders (and/or males) until the parasite becomes transmissible; then the parasite induces individuals to forage like non-brooding females during the early morning, which exposes them to duck predation. The manipulation hypothesis is further supported by the fact that only transmissible Microphallusinfected snails behave like non-brooding females in the early morning hours, which coincides with peak waterfowl foraging activity. Thus, transmissible parasites may induce the behaviour of the snail type most susceptible to predation when waterfowl are foraging most. This result is consistent with Moore's (1983) idea that parasites manipulate their hosts by inducing pre-existing behaviour patterns to enhance transmission.
We found no effect of parasite maturity for any other time of the day. This result is consistent with the manipulation hypothesis. Immature (i.e. nontransmissible) parasites always benefit from the safer pattern. Because individuals infected by transmissible parasites show the safer foraging behaviour pattern in the late morning and afternoon, one would not expect individuals infected by immature parasites to deviate from this pattern. When transmissible, the parasite benefits from behaviours that increase exposure time to the final host, in this case causing the snail to behave like a non-brooding female in the early morning.
Behavioural manipulation has been reported elsewhere within the trematode family Microphallidae. Curtis (1987) found that the intertidal mollusc, Ilyanassa obsoleta, when infected by Gynaecotyla adunca, moves higher onto beaches than uninfected individuals. This action facilitates the transfer of the cercariae to beach-dwelling amphipods. Within the genus Microphallus, Helluy (1982 Helluy ( , 1983 found that M. papillorobustus induces abnormal behaviour patterns in its amphipod second intermediate host that seem to increase the probability of encounter of the infected crustaceans with shorebird final hosts. The possibility of behavioural manipulation will be the focus of future work.
In summary, the study demonstrates the importance of comparing different classes of hosts (based on size, maturity, reproductive status, etc.), not simply infected versus uninfected ones, in assessing the effect of parasites on behaviour. The foraging pattern of P. antipodarum is influenced by gender, brooding status, size and parasitism, demonstrating that foraging strategies may vary for different classes of individuals within a population. In general, non-brooding females spend more time feeding than any other group, and, as size increases, the foraging time of the snail decreases. Microphallus affects the behaviour of P. antipodarum in a way that may be a by-product of parasitism or the result of parasitic manipulation. If manipulation occurs, the parasite seems to cause its host to switch between two preexisting behaviour patterns in a way that could increase the likelihood of transmission. Only parasites that are advanced enough to be transmitted induce the non-brooding female-like behaviour pattern in the early morning hours when waterfowl feed most intensely. referee for helpful comments on previous versions of the manuscript. We are especially grateful to Bernard Flury (Mathematics Dept, Indiana University) for designing the modified logistic regression procedure described in the Methods section. Finally, we thank the faculty and staff in the Zoology Department, University of Canterbury, New Zealand for continued support, especially Mike Winterbourn, Jan McKenzie, Ian McLean and Jack Van Berkel. This study was supported by an NSF grant (BSR-9008848) to Lively, and by grants from the Indiana University Research Training Grant in Animal Behaviour, and the Indiana Academy of Science to Levri.
